Abstract: The present study was performed to record new definitive hosts of Isthmiophora hortensis, and to describe morphological characteristics derived from a variety of worm samples for clarification of its taxonomic validity. Morphological characteristics with dimensions were observed in worm samples (n= 21) from naturally infected wild animals, including a raccoon dog Nyctereutes procyonoides from Gimhae-si (City), Gyeongsangnam-do, stray cats and a striped field mouse from several localities, and a wild boar Sus scrofa, from Gurye-gun (County), Jeollanam-do. In addition, adult flukes (n= 45) recovered in albino rats experimentally infected with the metacercariae from a freshwater fish species were also subjected to morphological studies. The mean ratios of the body length (BL) to body width (BW) were 5.86 and 5.76 in worms from wild animals and experimental rats, respectively. Those of the ventral sucker to oral sucker were 2.92 and 3.01 in worms from 2 groups. The mean percentages of the hindbody length (HBL) to BL were 42.1 and 41.2 in 2 groups. Those of uterine fields to BL were 9.8 and 12.2 in the 2 worm groups. By the present study, the 2 species of wild animals, the raccoon dog and wild boar, have been added as new definitive hosts for I. hortensis. The morphological characteristics of adult flukes derived from a variety of host source were redescribed to support the taxonomic validity of this echinostome species.
INTRDUCTION
Isthmiophora hortensis (Digenea: Echinostomatidae) was originally described as Echinostoma hortense from rats in Japan [1] . After then, this fluke was also found in rats, dogs, cats, weasels, raccoons, and striped field mice naturally infected in Korea, Japan, China, and Vietnam [2] [3] [4] [5] [6] [7] [8] [9] [10] . Human infections with this fluke were reported in Japan, the Republic of Korea (= Korea), and China [11] [12] [13] [14] [15] [16] [17] . Especially in Korea, several endemic foci have been reported [18] [19] [20] [21] , and some clinical cases have been sporadically diagnosed by the recovery of worms in gastroduodenal endoscopy [22] [23] [24] [25] [26] . Therefore, this echinostome is a dominant species with clinical importance in Korea.
The generic conceptions and relationships of Isthmiophora and Euparyphium have not been clarified for a long time in the family Echinostomatidae. To clarify the validity of Isthmiophora in relation to Euparyphium, Kostadinova and Gibson [27] analyzed the morphological characteristics of related specimens in 2 genera and redefined each generic character. They also made a differential key to the species of Isthmiophora with the morphological characteristics of related worm samples. In their study, I. hortensis was redescribed with nomination of a new combination from previously described as Echinostoma hortense [1] . However, Kostadinova and Gibson [27] used only 4 worm specimens donated by a Korean parasitologist. Therefore, we seriously needed to describe the differential morphological indices derived from a variety of worm samples to support the taxonomic validity. In addition, new definitive hosts of this fluke, the raccoon dog and wild boar, were reported in this study.
MATERIALS AND METHODS
We obtained a dead body of the raccoon dog, Nyctereutes procyonoides, which was captured from Jangyu-myeon (Township), Gimhae-si (City), Gyeongsangnam-do (Province), Korea. Several sets of the viscera of wild boars, Sus scrofa, which were captured from Masan-myeon in Gurye-gun (County), Jeollanam-do, Korea were donated from a local hunter. Five stray cats (Felis catus) and a striped field mouse (Apodemus agrarius) were captured in several different localities. The muscles of wild animals were examined to survey the infections of Trichinella larvae, and additionally their visceral organs were also examined to detect other helminths.
The metacercariae of I. hortensis were isolated and collected from the Korean dark sleeper, Odontobutis platycephala, from Yugucheon (a branch of Geum River) in Gongju-si, Chungcheongnam-do by the artificial digestion method. Then, 50-70 metacercariae were orally infected with a gavage needle to each of 4 albino rats. To obtain the age-controlled adult worms, rats experimentally infected with the metacercariae were killed by cervical dislocation at days 15, 18, 24, and 36 after infection. The small intestines of wild animals and rats were longitudinally opened with a scissors in 0.85% saline, and washed with same solution until the supernatant became cleared. The sediment of the intestinal content was carefully examined with the naked eyes and under a stereomicroscope. The recovered worms were fixed in 10% neutral buffered formalin under the slight pressure of a cover glass, stained with Semichon's acetocarmine, and observed under a light microscope equipped with a micrometer (OSM-4, Olympus Co., Tokyo, Japan).
For the differential indices of I. hortensis, total 76 worm samples were subjected to this analysis. Among them, 21 samples were recovered from wild animals, including a raccoon dog, stray cats, a striped field mouse, and a wild boar. The remaining 55 specimens were recovered from experimental rats (Tables 1, 2, 4) . We basically measured the body length (BL) and width (BW), the size of oral (OS) and ventral suckers (VS), pharynx, esophagus, head collar, cirrus sac, ovary, and 2 testes, and additionally the forebody length (FBL: from the anterior end to the anterior margin of the ventral sucker), hindbody length (HBL: from the posterior margin of the posterior testis to the posterior end), and uterus length (UL: from the posterior margin of the ventral sucker to the anterior margin of the ovary). Then, we also calculated the ratios of BL/BW, VS/OS, the length/width in ovary and 2 testes, and the percentages (%) of FBL/BL, HBL/BL, and UL/BL as the differential body indices of this fluke. Measurements and scales are in micrometers (μm) unless stated otherwise.
RESULTS

Recovery of worms from wild animals
Total 3 adult specimens of I. hortensis with some other species of echinostomes were recovered in the small intestines of a raccoon dog, N. procyonoides, and 2 adult specimens were collected from a wild boar, S. scrofa (Fig. 1) . Total 16 specimens of I. hortensis were recovered from the small intestines of 5 stray cats and a field mouse. 
Dimensions of worms from wild animals and experimental rats
The characteristic features of I. hortensis included the presence of a head collar with total 27 collar spines and the dextral location of the ovary. Morphological characteristics of worm samples from wild animals (raccoon dog, stray cats, striped field mouse, and wild boar) were consistent with similar basic features ( Fig. 1 ). However, their dimensions, including the size of worms, were more or less different by the species of host animals ( Table 1) . Dimensions of worms recovered from albino rats at days 15, 18, 24, and 36 after infection were revealed in Table 2 .
Differential indices of worms from wild animals and experimental rats
The ratios of BL to BW were 5.21-6.70 (5.86 in average) and 5.53-5.95 (5.76) in worms from wild animals and experimental rats, respectively. Those of VS to OS were 2.45-3.71 (2.92) and 2.93-3.26 (3.01) in worms from 2 groups. The ratios of length/ width of the ovary were 0.92-1.05 (0.96) and 0.81-0.97 (0.88), those of the anterior testis were 0.83-1.11 (0.91) and 0.93-0.96 (0.95), and those of the posterior testis were 1.28-1.67 (1.41) and 1.28-1.49 (1.41) in worms from 2 groups, respectively. The percentages of FBL to BL were 10.7-16.6 (14.0) and 10.2-12.9 (11.6), and those of HBL to BL were 40.3-43.2 (42.1) and 38.7-42.5 (41.2) in 2 groups. The percentages of uterine field (U) to BL were 6.6-16.9 (9.8) and 9.9-15.6 (12.2) in 2 worm groups (Table 3) . 
Fig. 1. Isthmiophora hortensis adults (Semichon's acetocarmine stained) recovered from the small intestines of wild animals. (A) A specimen from the raccoon dog (Nyctereutes procyonoides). (B) Another from a wild boar (Sus scrofa). (C) A worm from a stray cat (Felis catus). (D)
Another from a black-striped field mouse (Apodemus agrarius). Scale bar = 1,500 μm.
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Comparison of normal and abnormal worms from experimental rats
Among the worms recovered from an experimental rat at day 15 after infection, 2 morphologically different worm groups, normal slender and abnormal plump, were categorized (Fig. 2) . Normal slender worms were 6,075-7,000 (6,475) long and 1,100-1,275 (1,171) wide. Abnormal plump worms were 3,875-6,050 (4,846) long and 1,125-1,575 (1,343) wide. Dimensions of 2 worm groups and those from Kostadinova and Gibson [26] were designated in detail in Table 4 . The mean ratios of BL/BW were 5.53 and 3.61 in normal and abnormal worms, respectively. Those of VS/OS were 2.95 and 2.89 in 2 worm groups. The mean ratios of L/W in the ovary were 0.94 and 0.94, those in the anterior testis were 0.95 and 0.83, and in the posterior testis were 1.49 and 1.28 in 2 worm groups, respectively. The mean percentages of FBL/BL were 12.9 and 15.8, those of HBL/BL were 38.7 and 27.6, and of U/BL were 9.9 and 14.2 in 2 worm groups ( Table 5) .
Redescription of I. hortensis based on specimens from experimental rats (Table 2 
DISCUSSION
Several species of mammals, the black-striped field mouse, dog (Canis lupus), cat, Manchurian reed vole (Microtus fortis pellceus), mouse (Mus musculus), house rat (Rattus norvegicus), and black rat (Rattus rattus alexandrinus), have been reported as the definitive hosts for I. hortensis in Korea [2] [3] [4] 9, 10] . This fluke was also found in wild animals, i.e., rats, dogs, cats, weasels (Mustela itatsi), and raccoons (Procyon lotor), in Japan, China, and Vietnam [5] [6] [7] [8] . By the present study, 2 species of mammals, raccoon dog (N. procyonoides) and wild boar (S. scrofa), are added in the list of the definitive hosts of this fluke.
Total [28] [29] [30] [31] [32] . Among them, 4 species, namely, A. tyosenense, E. japonicus, E. cinetorchis, and I. hortensis, are known as the causative agents of human echinostomiasis in Korea [28] . Especially, human cases with I. hortensis have been sporadically and endemically occurred in this country since the first case was reported [11, 13, 14, 16, [18] [19] [20] [21] . Some clinical cases by this fluke infection have been recently diagnosed by the recovery of worms in gastroduodenal endoscopy [22] [23] [24] [25] [26] . However, human cases with other 3 echinostome species were rarely reported in Korea [28] . Accordingly, I. hortensis is the predominant echinostome species in Korea.
Kostadinova and Gibson [27] used only 4 worm specimens (3 from a rat and 1 from mouse) donated by a Korean parasitologist in the new nomination of this fluke. However, in the present study, total 76 worm samples were subjected to make the differential indices for the identification of I. hortensis. Among them, 21 specimens were recovered from naturally infected wild animals (raccoon dog, stray cats, striped field mouse, and wild boar), and 55 specimens from rats (15-day, 18-day, 24-day, and 36-day-old) experimentally infected with the metacercariae. Each differential index was nearly similar in 2 worm groups (from wild animals and experimental rats). However, they were more or less different from those of Kostadinova and Gibson [27] . The average ratios of BL/BW were 5.86 and 5.76 in 2 worm groups in the present study; however they were 3.75 (from rat) and 4.65 (from mouse) in a previous study. The average ratios of L/W in posterior testis were 1.41 in both worm groups, but they were 0.90 and 1.58 in Kostadinova and Gibson [27] .
We recovered 2 morphologically different types of worms, normal slender and abnormal plump, from rats experimentally infected with metacercariae from a freshwater fish species, O. platycephala. Especially in the 15-day-old worms, the average ratios of BL/BW were 5.53 and 3.61 in the normal slender and abnormal plump worm groups. However, those from Kostadinova and Gibson [30] were 3.75 (worms from rat) and 4.65 (worm from mouse). The ratio of BL/BW in worms (from rat) from Kostadinova and Gibson [27] was similar to that of abnormal plump worms rather than normal slender worms obtained in the present study. The average percentage of HBL/BL was 27.6 in the abnormal worms, which did not correspond with that ( > 30%) of the worms of the genus Isthmiophora [27, 33] . Kostadinova and Gibson [27] divided the species of Isthmiophora into 2 groups by the number of collar spine (27 and 29) , and they allocated 4 species, i.e., I. beaveri, I. inermis, I. melis, and I. hortensis, in the worm group with 27 collar spines. Among the 27-collar spined group, I. hortensis is very similar to I. melis except for the location of the cirrus sac and size of eggs. The differential indices for I. melis are also closely similar to those of I. hortensis from a mouse of Kostadinova and Gibson [27] and normal worms of the present study ( Table 5 ). The species validity between above 2 Isthmiophora is not obvious only in the morphological aspect. Therefore, the more reasonable taxonomic keys, such as molecular phylogenetic data, will be needed to support the validity of each species.
On the basis of data from 45 worms, which were recovered from experimental rats in the present study, the following di-agnostic features were considered as the differential indices for I. hortensis. The worm body is long slender (the ratio of BL/ BW: 5.53-5.95); the ventral sucker is larger about 3 times than the oral sucker (the ratio of VS/OS: 2.93-3.26); the ovary is transversely elliptical (the ratio of L/W in the ovary: 0.81-0.97); the anterior testis has a slightly larger transverse axis (the ratio of L/W in the anterior testis: 0.93-0.96); the posterior testis has a long vertical axis (the ratio of L/W in the posterior testis: 1.28-1.49); short forebody (% of FBL/BL: 10.2-12.9); long hindbody (% of HBL/BL: 38.7-42.5); short uterine field (% of UL/BL: 9.9-15.6); the head collar with 27 collar spines and the dextral position of the ovary.
By the present study, it has been confirmed for the first time that the raccoon dog (N. procyonoides) and wild boar (S. scrofa) are the definitive hosts of I. hortensis. Additionally, the morphological characteristics with differential indices derived from a variety of worm samples from wild animals naturally infected and rats experimentally infected could support the taxonomic validity of I. hortensis.
